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Office Rent and Labor Availability
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Abstract
This paper provides an empirical analysis of office rents using data from the 2000 U.S.
Census and TWR office building data in the Chicago Metropolitan Statistical Area. The
results indicate that rent levels respond to variables measuring labor availability. The
relationship between spatial supply of office space and labor availability is also explored.
Balanced scenarios are estimated in each unit area, and areas with an under-supply of
office space demonstrate development opportunities. Land use regulation is suggested to
explain the difference between the model results of the office rent and of the supply of
office space.
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Chapter 1 Introduction
There are many studies on the determinants of office rents. Many of them are generally
concerned with the effects of a variety of building characteristics, architectural design, or
lease conditions on rents. Among the variables, there is building size, number of floors,
building age; occupancy rate of the building; lease provisions; etc. Some other studies
have indicated that spatial variation in office rents are also influenced by location factors,
such as transportation infrastructure, labor accessibility, and agglomeration economies.
Among the studies that consider access to workers as a determinant of office rents, most
measure proximity to transportation, and few have paid attention to the proximity to a
qualified labor force. Since both rent gradients and wage gradients are suggested to
influence the location of economic activities, office rents are very likely to increase as the
firms choose to locate closer to a pool of qualified labor. Unfortunately, the existing
studies have not done any empirical tests on this.
The purpose of this thesis is to provide evidence on labor availability as a determinant of
office rents in the Chicago Metropolitan Statistical Area. The data is from the 2000 US
Census and office building database of Torto Wheaton Research. With a geographical
information system, the proximity to office workers and the associated attributes can be
measured.
The research has four objectives:
* To apply the above idea to office data from the Chicago region;
* To analyze the determinants and distribution of office rents from the empirical model;
* To investigate development opportunities throughout the study area.
The study finds that the most desirable places in terms of office rents match with the
number of qualified workers. However, labor availability affects the supply of office
space in a more significant way than it affects office rent. With the comparison of office
space supply and labor availability, development opportunities arise. The difference
between the two effects maybe explained by land use regulations, or zoning.
Chapter 2 of the thesis briefly reviews theories of office rent estimation and of
polycentric cities with decentralized employment and agglomerative economies. In
Chapter 3 the data and methodology employed in the empirical study are discussed.
Chapter 4 interprets the statistical results and their empirical implications. Chapter 5
employs a method from spatial supply and demand balance to look at the mismatch of
office space supply and labor supply, and explores the model's implications for
development opportunities in the area. Chapter 6 follows with conclusions and extensions.
Chapter 2 Literature review
The monocentric model of urban structure has dominated urban economics and regional
science since the 19 th century. However, contemporary metropolitan areas are no longer
in a monocentric pattern. The polycentric forms of the areas are generally shaped by two
forces: agglomeration and decentralization. If firms are all located at one location,
productivity efficiency will be the highest, or production costs will be the lowest.
However, the situation would lead to the longest commutes and thereby the greatest
congestion, too.
At a metropolitan-wide level, studies have explored the fact that information exchange,
industrial linkages, or labor market search are all forces to form firms' agglomeration.
Clapp (1980) is the first to include face-to-face meetings as an important input in the
production of office services. Jaffee (1993) demonstrates that knowledge is exchanged
among firms in the same industry through direct contact or spatial proximity. Kim (1989)
points out that workers make human capital investment decisions on both the depth and
the breadth of skills, and workers invest more for the depth of their skills as the size of
the labor market increases. The larger the market is, the easier it is for workers to find
jobs that match their skill sets. Wheaton (1998) presents spatial equilibrium models of the
urban land market that suggests density generates a positive externality by shortening
commuting distances and hence reducing traffic congestion. Anas and Kim (1996) have
presented rationales for spatial agglomeration of firms. In their model, with stronger
agglomeration, there are fewer suburban centers and utility is higher. With higher
congestion, there are more suburban centers and utility is higher under this scheme.
As stated above, concentration of economic activities has both positive externality and
cost. Internal scale economies cause large individual establishments, while agglomeration
economies lead to concentration. Because of these forces, there is a conflict between
agglomeration economies and congestion, and subcenters are formed. Mills (1972) first
observes dispersed employment. Giuliano and Small (1991) investigates employment
subcenters in the Los Angeles region. They discuss empirical criteria for identifying
subcenters and have identified 32 centers within the region. McMillen and McDonald
(1998) test for effects on employment density of access to transportation and also test for
proximity to an employment subcenter. And they have identified 20 subcenters in the
Chicago metropolitan area. McMillen and McDonald (1998) and Waddell, Berry, and
Hoch (1993) both indicate that employment in metropolitan areas around the world is
continuing to disperse and in some cases clustering into subcenters. Wheaton (2004)
suggests that lower agglomeration disperses employment, reduces commuting and hence
congestion costs and thereby reduces residential land rent.
When firms face location choices, a very important factor of decision making is
employment. Employment basically influences firms' profitability from two sides: one is
cost, such as wages paid to the workers; the other is productivity, such as the productivity
of the workers. Land costs are lower in suburbs, and a firm does not need to compensate
its workers for the cost of commuting to work, if it employs workers who reside close to
the firm. To achieve equal utility, workers are willing to accept lower wages if they will
spend less on commuting or housing or have better amenities, etc. regardless of where
they work.
There are many studies on wages. Timothy and Wheaton (2001) indicate that commuting
time differentials will be capitalized into wage variances. Sivitanidou (1995) adopts a
general equilibrium modeling framework which allows for interactions among the
commercial service, land and labor markets. Sivitanidou demonstrates that wages are
hypothesized to be lower where worker amenities are better and where zoning is more
restrictive. Wheaton and Lewis (2002) show that if workers are more productive, then
wages should reflect the increasing returns of labor market agglomeration.
Employment also influences firms' profitability through the supply of and demand for
office space. If there is employment growth in the area, then more firms are likely to
move there, and the land prices or rents would increase. If employment does not achieve
an equilibrium and the growth in employment is limited, for example by zoning, then the
few fortunate office space builders will be willing to pay an additional amount of money
to be there. This situation would happen because the few builders are willing to pay for
the monopoly value of the scarce locations and this opportunity would pay them back in
terms of getting strong tenants, building their brands, and so on. Employment growth in
this picture can be driven by demographic factors, especially the number of college-
educated people, which is assumed to be the most qualified labor force for office space
users.
There are not as many papers on the productivity side of employment as on the cost side.
Jacobs (1969) first emphasizes that physical proximity affects labor productivity. Kim
(1989) concludes that as the size of firm's labor market segment increases, it is more
difficult for the firm to find qualified workers. The labor market search and matching are
improved with scale, and this encourages workers to specialize more, which then
increases both productivity and its rate of growth.
Since employment mismatch exists, many studies have examined both firm and labor
behaviors. Madden (1985) has indicated that a range of human capital factors, such as
education and income, may be correlated with location. Another study indicates that other
things being equal, higher-income workers are more likely to live in the suburbs
(McMillen and Singell, 1992).
Some other studies suggest that firms would prefer to locate close to their workforce.
White (1988) provides a method for examining the residence-work location choice. The
model suggests that the skill composition of a firm's workforce affects its motivation to
move to the suburbs. McMillen and Singell (1992) have developed a model which shows
a positive correlation between work and residence locations. The study points out that a
suburban location is more attractive to a firm if it employs much high-skill, high-wage
labor. Helseley and Sullivan (1991) have predicted an urban development pattern. The
phases of the pattern have suggested that over time, firms have been trying to better
match their location to that of their labor force. Ihlandeldt and Raper (1990) find that
firms looking for new office space tend to locate near the homes of professional workers
and away from neighborhoods with high concentrations of clerical workers.
Most of the empirical studies of office rent variation have focused on the physical factors
and their associated issues. Hough and Kratz (1983) have indicated that building
characteristics, such as age, height, location, and amenities have impacts on office rents
in downtown Chicago. They have also estimated a hedonic price equation showing that
good new architecture gets a rent premium. Glascock, Jahanian and Sirmans (1990)
reveal several factors that have influence on rent levels in Baton Rouge, Louisiana, such
as classes of buildings, locations, overall market conditions, and contract variations.
Brennan, Cannaday and Colwell (1984) have developed five functional forms of a
hedonic regression model to explain office rent variation in the Chicago CBD at the unit
level, looking at a similar set of variables to that in Glascock et al's study.
Among the empirical studies that consider access to workers as a crucial determinant of
office rents, most of them measure only the proximity to rail or highway. There is no
existing work testing the importance of access to white-collar labor in determining office
rents.
This paper is distinguished from previous studies by emphasizing the access to a
qualified labor force for office firms. We assume that people with a college or higher
education are in the qualified pool. Take any single office building as a target unit.
Potential workers within a certain radius area are assumed to be most likely to work for
firms at the center. Several radiuses are tested, and we choose a 5-mile buffer as our final
calculation area. Any college-educated people residing in the 5-mile buffer around each
office building are our study population as a unit. A geographical information system is
employed to calculate the attributes around the office properties. STATA is employed to
do statistical analysis and modeling.
Chapter 3 Data and Methodology
Data in this study is collected from Torto Wheaton Research and the 2000 U.S. Census.
We choose a specific metropolitan area and a specific geographic level to start the
analysis. Some outliers are discarded and the rest is grouped into various determinant sets
that are suggested to influence office rents. An area allocation method in a geographic
information system (GIS) is applied to analyze the distribution of offices rents in the
study area.
3.1 Dependent and Independent Variables
We initially have two sets of data:
1) Data of office buildings is from Torto Wheaton Research. Table 1 lists data
descriptions for each office building in the Chicago metropolitan area from TWR.
Table 1 Office Data from Torto Wheaton Research
Data Item Description
MetroArea Metropolitan Area
NRA Net Rentable Area, SF in 1000's
VacSF Vacant Area, SF in 1000's
VacR Vacancy Rate, %
VacCode Vacancy Code,
SVI = Suburban, DVI = Downtown, or NVI = Non-competitive
TenType Tenant Type, MT=Multi, ST=Single
IsOwnerOccupied Is Owner Occupied, Yes or No
BldgClass
YearBuilt
Floor
Zip Code
Latitude
Longitude
LeaseType
Year of Observation
Rent
Building Class, A, B, C, or D
Year the building was built
Number of floors in the building
Zip Code of the building
Latitude of the building
Longitude of the building
N = Net Lease, G = Gross Lease
Year of the rent observed
Asking Rent
2) The rest of the data is from 2000 U.S. Census. Table 2 lists data descriptions from the
census.
Table 2 Census Data
Description
Total Housing Units
Occupied Units
Vacant Units
Owner Occupied Units
Renter Occupied Units
Median Number of Rooms
Median Year of the Structure Built
Median Contract Rent
Median Rent Asked
Total Population
Per Capita Income in 1999
Number of Workers Who Did Not Work at Home
Aggregate Travel Time to Work
Sex by Age by Educational Attainment for the
Population 18+ Years (Bachelor's degree;
Graduate or professional degree.)
Data Item
H006001
H006002
H006003
H007002
H007003
H024001
H035001
H056001
H060001
P001001
P082001
P031002
P033001
PCT25
The dependent variable is asking rent per square foot of each office building in the first
year of the lease, which is provided by Torto Wheaton Research.
According to previous studies of office rents (Sivitanidou, 1995; Mills, 1992; Bollinger,
Ihlanfeldt and Bowes, 1998; Brennan, Cannaday and Colwell, 1984; Glascock, Jahanian
and Sirmans, 1990) and our objectives for this paper, rent of a specific office building is
influenced by five forces:
1) Location. Location is presented by SVI or DVI in our study. It tells if the building
locates in downtown area or in the suburbs. Rents are expected to be highest in the
geographic areas with high concentration of office buildings, because office space users
are expected to pay higher rents to enable face-to-face exchanges of information, etc. to
occur at lower cost, holding other conditions constant. These areas are mostly likely to
attract firms in the office sector. Rent is provided by TWR.
2) Physical characteristics. They are proxied by net rentable area in square feet, class of
the building in A, B, C and D, etc. The expectation is that the larger and higher class the
building, the more prestigious the building and the higher the rent. Also, large buildings
or Class A buildings are more likely to locate where rent is higher. They are provided by
TWR.
3) Market conditions. Since rents in the dataset may be in 1999, 2000 or 2001, an annual
dummy variable is included to allow for differences in market conditions.
5) Labor availability. It can be considered as a locational determinant, but we would like
to highlight this from the other locational factors. Our target labor is white collar workers
in office sector. And the assumption is that people with Bachelor's degrees or Graduate
or professional degrees are potential white collar labor force. A geographical information
system is employed to create a buffer around each office building and calculate the
number of white collar workers who reside within the buffer. Other conditions being
equal, people are most likely to commute to job opportunities at the office building in
their own buffer.
3.2 Methodology
The model assumes a production function for commercial real estate with a linear
relationship between rents and labor availability. Given a wage gradient, firms are willing
to pay higher rents to locate with proximity to a qualified labor force. Holding other
conditions equal, alternatively, workers would want to commute less and work with firms
that are closer to their residence locations.
We choose the Chicago Metropolitan Area as our study area generally for three reasons.
First, the office market in Chicago is the second largest one in the U.S., second only to
the New York area. It is very important both at the metropolitan level and at the national
level. Second, the boundaries of the Chicago Metropolitan Area are very distinct from
other large urbanized areas, in contrast with New York area, Boston area, or many other
metropolitan areas. Thus, we can take the metropolitan area as an entirely closed market
when talking about labor availability, job opportunities, and commuting. Third, there
have been many empirical studies of the Chicago office market. This factor would help
us understand the market better based on the previous results and implications.
We select Zip Code as the unit to break down census data. Actually there are smaller
units within the census, such as Census Tract and/or Block Groups. Theoretically, the
more specific the data is, the more accurate the results are. However, we are looking at
labor availability for office space users, and education level is the most influential factor
determining if a person is qualified as a white collar worker or not. And from the census,
this particular education data is only available down to the Zip Code level.
A geographical information system (GIS) is used to match the qualified labor force to
each office building. A variety of buffer sizes were created in order to test which might
be the most statistically significant one. After a modest amount of trials, a 5-mile buffer
around each office building is set to be the final buffer size for the research. This distance
is empirically sound, too. A 5-mile distance is a few minutes' drive, and is generally not
considered as a source of congestion. Similar work was done to find a reasonable buffer
size to demonstrate firms' agglomeration. A 1-mile buffer size was selected as a
boundary to measure the degrees of agglomeration.
In ArcGIS, a piece of code was developed to assign values of several variables from the
census to the 5-mile building buffers. Since the census data is all at the Zip Code level for
the whole Chicago MSA and we are going to work with the 5-mile buffers around the
office buildings, we have to allocate various values from Zip Codes to the buffers. The
basic steps in the value allocation are:
1) Create 5-mile buffers around the office buildings. If the buffer intersects with the
water areas outside of the Chicago MSA, no additional work would be necessary since
there are no office activities on the water. If the buffer intersects with some other ZIP
Codes in other states, e.g., Wisconsin, then include those ZIP Codes outside of the
Chicago area in the calculation. This would reduce bias, since we have considered all the
land areas when doing calculations for population and other variables in the buffers.
2) For each buffer, list the ZIP Codes that are intersected or contained by the buffer. This
may take up to 50 ZIP Codes, where ZIP Codes are not very big, as in the downtown
areas.
3) For all the polygons cut by the buffer, calculate their areas. Each "cut-by-the-buffer"
polygon has its own and unique Zip Code ID.
4) Calculate two area percentages for each "cut-by-the-buffer" polygon: one is the area
percentage of each "cut-by-the-buffer" polygon over its whole Zip Code area, illustrated
by Figure 1; the other is the area percentage of each "cut-by-the-buffer" polygon over the
whole buffer, illustrated by Figure 2.
Figure 1 Illustration of "cut-by-the-buffer" polygon over its whole Zip Code method
Figure 2 Illustration of "cut-by-the-buffer" polygon over the whole buffer method
5) The above two percentages are used for two distinct calculations: the "polygon-over-
zip" one is to calculate magnitude numbers. For example, if 40% of the area of ZIP Code
02139 is contained by the buffer, then we assume that 40% of the population in ZIP Code
02139 is residing within the buffer.
6) The "polygon-over-buffer" one is to calculate the average values. For example, if the
"cut-by-the-buffer" polygon of ZIP Code 02139 takes 10% of the area of the buffer, then
when calculating the weighted average number of per capita income in the buffer, we will
assign 10% of the weight to the per capita income of ZIP Code 02139.
7) According to the steps above, we can allocate data at ZIP Code level from the census
to buffers and match the labor attributes to the office space users.
After allocating data to each 5-mile buffer, these data items are then joined with office
building data of each building under ArcGIS. The similar kind of data allocation to 1-
mile building buffers should be finished to join with office data of each building in order
to measure firms' agglomeration under ArcGIS, too. Then MS Access is used to prepare
data for STATA to do statistical analysis and run regressions. With prediction residuals
check and influence leverage check, we optimize the model by deleting detected outliers
and largely influential observations under STATA.
The data set initially contains 1335 observations with complete information. 370 had to
be discarded as a result of incomplete data and observation deletions, or with the
following:
1) Rent per square feet is less than $10 or greater than $40;
2) NRA is less than 5000 square feet;
3) Number of floors in the building is less than 2.
The remaining 965 buildings contain 166 billion square feet. Figure 3 presents spatial
distribution of office space in the Chicago Metropolitan Area.
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Figure 3 Spatial distribution of office space in the Chicago area
23
1 i-
-
,;
.: i··,
I·
r·-·-\
·--· -·
i
....~i...-
Chapter 4 Model Estimation
After a modest amount of experimentation, a model with statistically significant variables
is developed to interpret and predict office rents in the Chicago area. This model helps
interpret the match between educated population density and office locations.
4.1 Results and Explanations
Selection of independent variables to be initially included in the model is based on
suggestions in previous studies and the availability of data. There are basically three
groups of data: 1) characteristics of the buildings; 2) firms' agglomeration within a 1-
mile buffer of each individual building; and 3) labor availability within a 5-mile buffer of
each individual building. See Appendix A for variable description and Appendix B for
summary statistics of the initial variables.
Some variables have to be excluded because they are found to be insignificant or highly
collinear with other included variables. Reference Appendix C for regression results of
the initial variables and Appendix D for the correlation matrix of the variables. These
excluded variables include: 1) floors of the building; 2) the total amount of office space
within the 1-mile buffer of each building; 3) the average built year of office space within
the 1-mile buffer of each building; 4) the average number of floors in office buildings
within the 1-mile buffer of each building; and 5) average income level in the 5-mile
buffer of each building.
The number of floors in the building is highly correlated with the size of the building
(79%), because big buildings are very likely to be high buildings. The model provides
much higher explanatory power if we exclude the total number of floors. Thus we only
keep net rentable area (NRA) in the model.
Agglomeration factors are highly correlated with the number of college-educated people.
First, the correlation between the amount of office space in the proximate area and the
number of college-educated people is 82%. It appears that if there are more potential
white collar workers, there is more office space. Second, the correlation between the
average built year of the office building and the number of college-educated people is
91%. The correlation shows that the more white collar workers reside in an area, the
more office space users are likely to encourage new constructions around the area and
move there. Third, the correlation between the average number of floors in the 1-mile
proximate area and the number of college educated people is 87%. This demonstrates that
more prestigious buildings are likely to locate close to the potential work forces.
Alternatively, the above explanation can be put in another way: white collar workers are
more willing to reside close to office space clustering, and that would provide them more
job opportunities with better accessibility. The interaction between labor market and
location choice has been widely studied.
Average income level within the 5-mile buffers is positively correlated to the suburban
location factor, SVI (46%). This presents that higher income people are more likely to
live in places with less density, especially in the suburbs. Income is slightly positively
correlated to lease type of the office building, LeaseNet (19%). This shows that office
space users are likely to pay a higher rent under a net lease to stay close to higher income
areas. Most of all, income level in the 5-mile buffers are highly correlated to the
proportion of college-educated people out of total population in the buffers (74%).
Higher-educated areas are higher income areas. Alternatively, wealthier people are very
likely to get higher education, too.
Variables finally included are those which are found to have significant influences.
Summary statistics are presented in Table 3. In the Chicago metropolitan area, around
25% of the buildings are located in the downtown areas. There are a large amount of
class B buildings. There are around 30% of the office buildings in Class A, while Class C
buildings take up to around 20% of all the building classes. The mean of numbers of
college educated people within the 5-mile buffers around our selected buildings is
121,842, which is pretty high. 82% of the rents are recorded in 2000.
Table 3 Summary Statistics
variable I obs Mean std. Dev. Min Max
-------- --- --+-- ----------------------------------------------------
nra I 965 172160.5 232892.2 5330 1601744
dvi I 965 .2466321 .4312742 0 1
classb 1 965 .4932642 .5002139 0 1
classc I 965 .2010363 .4009829 0 1
_2000r I 965 .8238342 .3811587 0 1
------------- +--------------------------------------------------------
edutot I 965 121841.6 74135.56 12584.29 317620.9
Table 4 summarizes variable definitions and expected signs. Large buildings are likely to
have better facilities, design characteristics, and so on, and are more likely to attract more
firms and have higher rents. Class B and class C buildings are comparatively in a bad
position compared with class A buildings, thus would ask for lower rents. Downtown
areas have less available land for office buildings and are likely to have higher land
values and thus lead to higher rents. Office spaces in higher educated areas are more
popular since firms would consider switch part of the wage paid to their employees to
rents.
Table 4 Variable definitions, data sources and expected sign
Variable Type Data Description Expected
Source Sign
dvi Dummy TWR The buildings locates in downtown area, +
yes = 1, otherwise = 0
nra Numeric TWR The net rentable area of the building, in 1000SF +
classb Dummy TWR Class B building, yes = 1, otherwise = 0
classc Dummy TWR Class C building, yes = 1, otherwise = 0
edutot Numeric Census Total number of people with college education +
within the 5-mile buffer
_2000r Dummy TWR If the rent of the building is recorded in 2000, +/-
yes = 1, otherwise = 0
Most of the signs for coefficients of independent variables turned out as hypothesized.
Table 5 contains the empirical results. The base case of the model is as follows: a class A
building in a non-competitive location in the Chicago metropolitan area asks for a certain
rent in 1999; it is under a gross lease supplying a certain amount of net rentable area and
there are a certain number of people with equal to or higher than college education in the
5 mile buffer around the building as the most direct support labor force to the supply. The
base case building is rented on average for $18.02 per square foot. And we estimate a
model to examine how office rents are influenced by labor availability:
Rent/SF = -0.00000183*NRA + 1.574*DVI - 1.874*ClassB (Dummy) -
1.034*ClassC (Dummy) + 0.00000606*Edutot + 1.109*2001r (Dummy) + 18.023,
where Edutot is the number of people with college education within the 5-mile buffer
around the office building at the center. The coefficient is significant with the expected
sign. The average number of college educated people in Chicago area is 121842. So it
would generally be $0.7 higher in office rent if the office space user would like to get
closer to the pool of potential white collar workers.
The sign of building size is hypothesized to be positive but it is actually negative in the
model. This may be because bigger buildings are cheaper to build in terms of the
construction cost per square foot. However, the rent difference is very small.
Location factor is much more influential compared with building size. Although there are
over 20 subcenters in the Chicago area according to McMillen and McDonald (1998),
downtown is still the most important location for office space users. Compared with an
office building in a non-competitive location, a downtown location would contribute
$1.56 to the office rent if other conditions being equal. If a firm has an easy access to
transportation infrastructures, such as highway exits, railway stations, however, it might
be a little more indifferent in various locations considering accessibility to workers.
Class B buildings are not in a premium status in our estimation model. A class B building
would be close to $1.87 less in rent per square foot than the rent of the class A buildings,
if holding others equal. The rent of class C buildings would be $1.03 lower than class A
buildings. This may be because that class C buildings in the Chicago area are basically
located in the suburbs and only around 5% of them are located in the downtown area.
Even if the class C variable has a coefficient that is a little higher than that of the class B
variable, the location variable is very likely to offset the impact and would increase the
rent of class B buildings.
Table 5 Estimation Results
Source I SS df MS
------------- +--------------------------
Model I 1410.48487 6 235.080811
Residual I 15637.309 958 16.3228695
------------- +--------------------------
Total I 17047.7938 964 17.6844334
Number of obs = 965
F( 6, 958) = 14.40
Prob > F = 0.0000
R-squared = 0.0827
Adj R-squared = 0.0770
Root MSE = 4.0402
rent I coef. Std. Err. t P>jti [95% Conf. Interval]
------------------------------------------------------------------------------
nra -1.83e-06 6.64e-07 -2.75 0.006 -3.13e-06 -5.26e-07
dvi 1.573695 .5184365 3.04 0.002 .5562926 2.591097
classb -1.874125 .3068197 -6.11 0.000 -2.476242 -1.272009
classc -1.033908 .378172 -2.73 0.006 -1.776049 -.291767
edutot 6.06e-06 2.73e-06 2.22 0.027 6.91e-07 .0000114
_2001r 1.109213 .3593363 3.09 0.002 .4040356 1.81439
-cons 18.02347 .3481254 51.77 0.000 17.3403 18.70665
4.2 Empirical Implication of the Model
We have got the estimate model which can be applied to predict office rents based on
labor availability of the areas, hence we can compare office rents of different areas, even
if in some areas there are not any office buildings. If someone would like to check office
rents in a certain area but there are no existing buildings, then it would be difficult to
judge the rent level with no comparison.
In this method, if there are economic activities, then there is an opportunity to develop
office buildings. Whether or not it would be a comparatively great opportunity depends
on the number of people with college education, according to our empirical result. In this
way, we are able to look at the whole area from the same starting point, compare the rents
for various locations, and see if there are good opportunities of office developments.
Holdings other factors constant, meaning to use mean values for all the other factors
except for education in the model, we can get a model with one variable, which is the
number of qualified labor force. Then we can get a set of predicted rents for all the areas.
And the variation of the rents are caused by the variation of different educational levels.
Figure 4 presents the education density in the Chicago area and also plots the existing
office buildings. Office space is almost located in or very close to areas with a relatively
high educational level.
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Figure 4 Education Density and Office Locations in the Chicago Area
From Figure 4 we could also tell that O'Hare airport area and the edge cities, e.g. Aurora,
Naperville, Schaumburg are presented to be the most competitive locations for office
space users. They are also the most primary suburban employment centers in the Chicago
area. There are expressways and rail services providing good accessibility to these areas,
which is appreciated both by firms and by homeowners. The decentralization of office
space in the Chicago area is basically sprawl to the north and west part to the core, where
they are more qualified white-collar workers.
Chapter 5 Office Supply: Opportunities of Developments
In this chapter, a method is developed to compare the current supply of office space with
labor supply within the 5-mile buffers around office buildings, such as the absolute
number of college-educated workers. Because firms are assumed to be willing to move to
places with a pool of qualified labor, the selected characteristics of white-collar workers
can stand for the demand for office space in the area. The comparison would show if
office space in the area is over-supplied or under-supplied, and the under-supplied areas
bring opportunities of developments.
Since labor is an important factor of demand, spatial balance of office space can be
investigated through the supply-and-demand comparison. When demand for office space
is going beyond supply, then office space users have to pay more for the spaces, since
there would be fierce competition in getting space. When supply is beyond demand,
space users can get a place at a lower than usual rate. Otherwise, there would be a lot of
vacancy in the buildings, which will impact on rents, too.
The supply and demand picture is always changing according to many factors, such as
overall economy, current trend in the office space market, public expectation, etc. Thus,
to judge if the current supply of office space is enough or not is very important for both
the office space occupiers and the office space suppliers. Firms may want to look at lower
rents to optimize their real estate portfolio. Developers may want to enter the market
where they can benefit from the deals. It is very necessary to develop a method to find a
direct way to check where the market is, to see if there is enough supply of space or not,
and to get implication from them.
The assumption is that the Chicago Metropolitan Statistical Area is a close area, which is
supply-demand sufficient. Within this area, therefore, supply and demand of office space
is overall balanced. In addition, to investigate opportunities of developments, we take
each ZIP Code as the unit. Since the 5-mile commute has been set according to the
previous experimentation, we assume office space in each ZIP Code can ideally be filled
by the labor within its 5-mile buffer. The method is to look at the relationship between
the current supply of office space in each ZIP Code and the labor characteristics within a
5-mile buffer around each ZIP code, such as the number of college-educated people and
the number of owner occupied units.
Table 6 Spatial Supply of Office Space
Source I SS df MS
------------- +--------------------------
Model I 3.2250e+14 2 1.6125e+14
Residual I 1.0255e+15 103 9.9559e+12
------------- +--------------------------
Total I 1.3480e+15 105 1.2838e+13
Number of obs =
F( 2, 103) =
Prob > F =
R-squared =
Adj R-squared =
Root MSE =
nra I Coef. Std. Err. t P>Itl [95% Conf. Interval]
------------------------------------------------------------------------------
edutot I 36.39723 6.709799 5.42 0.000 23.08992 49.70453
ownertot I -39.51038 12.49036 -3.16 0.002 -64.28206 -14.73869
-cons I 1393315 721541.6 1.93 0.056 -37692.46 2824323
106
16.20
0.0000
0.2393
0.2245
3.2e+06
First, we calculate the total amount of office space within each ZIP Code. Second, we
create centroids of all the ZIP Codes, create 5-mile buffers around the centroids, and
count 1) the number of owner units in the buffer; 2) the number of units in the buffer; 3)
the number of people with a bachelor's degree, graduate degree, or professional degree
in the buffer; 4) total population in the buffer; 5) average travel time to work in the buffer;
and 6) per capita income level in the buffer.
With the above data, we are able to do another regression model of NRA against labor
availability. Table 6 shows the model results and Figure 6 demonstrates the trend line of
the data points.
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Figure 5 Labor Supply and Office Supply at the ZIP Code level
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Table 6 presents that each individual person with college education would add 36.4
square feet of demand for office space in the area and each owner-occupied unit would
decrease 39.5 square feet in the demand for office space. The mean of the number of
college-educated people is 121,842 while the mean of the number of owner-occupied
units is 86,214, so education is still the most importation factor among all the labor
characteristics that influence office space supply.
Figure 6 shows that some ZIP Codes have large numbers of college-educated people but
only 0.16% of the total amount of office space in the region. Thus, it is necessary to test
if the sensitivity of the supply of office space to education would be different after
rejecting the few observations. Figure 7 excludes the five observations with large
numbers of college-educated people and with the smallest numbers of office space supply.
This figure contains 95% of the total ZIP Codes, and the elasticity jumps from 19.8 to
36.9, which is close to 2 times greater.
The new equation presents that in areas with a smaller amount of office space, holding
others equal, office space builders are very likely to get a higher margin if they build
more office space in the area, compared with adding more to areas that already have a
large amount of supply. This might be because that the highly educated people do not
prefer places with a lot of office space as their residence places.
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Figure 6 Labor Supply and Office Supply Excluding Outliers
In both Figure 6 and Figure 7, the trend line presents a balanced scenario of office space
supply for all the ZIP Codes in terms of labor supply. With a specific amount of college-
educated people in the 5-mile buffer around each ZIP Code, the ZIP Code is supposed to
have a certain amount of office supply under a balanced condition, and this set of data
should be on the trend line. In another way, with a certain level of labor supply, there
would be a balanced amount of office supply.
Now we have some ZIP Codes that are have more supply of office space than their
balanced amount. These ZIP Codes are above the trend line. Meanwhile, we have some
areas that have lower supply than their balanced stock, and they are below the trend line.
y = 36.889x - 1E+06
R2 = 0.3553
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Those over the balanced scenario are places where office space is over-supplied
considering their labor supply, while the below scenario places are under-supplied. If
there is abundant qualified labor in the area, firms are more likely to move there, thus
more office space would be needed. This means that the opportunity of development
would be more likely to exist in the below balance areas. Figure 8 maps the over-supply of
office space at the ZIP Code level. Level 5 shows the most over-supplied areas. Figure 9 maps
the under-supply of office space at the ZIP Code level. Level 5 presents the most under-supplied
areas.
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Chapter 6 Conclusions and Extensions
This study has provided empirical evidence on the factors that influence office rents.
Holding building size, building class, and locations in either downtown or suburbs
constant, we find that variables measuring labor availability affect both office rent and
the supply of office space, but they influence office supply in a more significant way. The
results provide strong confirmation of the earlier studies which have mentioned this
influence (Ihlandeldt and Raper, 1990; Helseley and Sullivan, 1991).
The difference in the two sets of model results can be explained by land use regulation or
zoning. The regulation as a most significant market intervention can include physical
location of economic activities, size and height of commercial property, and so on. With
the intervention, an area where they are less labor supply may have higher land price,
which would lead to higher office rent. However, there is less supply of office space.
The methodology differs from previous studies because we apply the area allocation
method to define geographic units in the study. Given the travel characteristics of
potential labor and their job opportunities, a 5-mile radius buffer is developed to be the
basic spatial unit. A geographical information system is then employed to develop a piece
of code. With this code, we can allocate 2000 U.S. Census data precisely to the 5-mile
buffers around each office building or each ZIP Code centroid. This method critically
helps to reduce bias in the study.
Compared to the base case in our model, areas with an average number of people with
college education in the Chicago MSA are likely to be $0.7 higher in office rent.
Compared with an office building in a non-competitive location, a downtown location
would contribute $1.56 to the rent.
Development opportunities arise in areas with an under-supply of office space. The most
desirable locations are the lake shore belt from downtown to Waukegan, southwestern
suburban cities such as Naperville, Aurora, and Joliet, and northwestern suburban cities
around O'Hare airport, such as Elgin, Schaumburg, and Bolingbrook. There are both ring
roads connecting these suburban areas to each other and radial highways connecting them
to Chicago. There are good rail services, too. Also, these are wealthy areas and people
there are very likely to have high educational levels. The model considering labor
availability predicts these areas to be most competitive in terms of the potential growth of
office space.
The modeling part of this study can be extended in a variety of directions. The most
important extension is to include land use regulation as a factor in the model and see if
land use regulation is a significant determinant in the model of office rent. Also, we will
need to check if the market capitalizes locational advantages of better labor availability
into office rents or labor wages. With more variables, especially the most important wage
variable, we would be able to investigate this pattern. In addition, with help from ArcGIS,
we would also be able to measure transportation accessibility in the region and interpret
the model results with better local knowledge. Next, we could apply the methodology to
more metropolitan areas and see if it works well. A comparative study would also be
possible. Furthermore, if more detailed work-residence location data were found to be
available for workers, the study could be more complete.
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Appendix A Description of the Initial Variables
Data Item Description
Nralm Total amount of office space within the 1-mile buffer of each building
bldgyrlm Average building age within the 1-mile buffer of each building
Floorlm Average building floors within the 1-mile buffer of each building
A Number of Class A buildings within the 1-mile buffer of each building
B Number of Class B buildings within the 1-mile buffer of each building
C Number of Class C buildings within the 1-mile buffer of each building
Ownertot Number of owner occupied units within the 5-mile buffer of each
building
Unitstot Number of units within the 5-mile buffer of each building
Edutot Number of people with a Bachelor's degree, Graduate degree, or
professional degree within the 5-mile buffer of each building
Poptot Total population within the 5-mile buffer of each building
Ttimetot Average travel time to work within the 5-mile buffer of each building
Yeartot Average year when the residential structure was built within the 5-mile
buffer of each building
Inctot Average per capita income within the 5-mile buffer of each building
nra Net Rentable Area of the building
Svi If the building locates in suburban areas, yes =1, otherwise = 0
Dvi If the building locates in downtown areas, yes =1, otherwise = 0
Years2008 Age of the building
floor Number of floors in the building
leaseN If it is a net lease, yes =1, otherwise = 0
classB If it is a class B building, yes =1, otherwise = 0
classC If it is a class C building, yes =1, otherwise = 0
2000r If rent is from 2000, yes =1, otherwise = 0
2001r If rent is from 2001, yes =1, otherwise = 0
Appendix B Summary Statistics of the Variables
variable I obs Mean std. Dev.
----------------------------------------------------------------------
nralm I
bldgyr1m I
floorlm I
a
bi
2.72e+07
40.08985
9.340148
16.99171
26.98964
4.16e+07
21.03999
8.249219
19.59189
34.58209
1.09e+08
109
31
56
100
----------------------------------------------------------------------
ci
ownertot I
unitstot I
edutot I
poptot
33.93057
86214.04
188074.6
121841.6
438851.9
51.13139
29077.31
126988.1
74135.56
264338.7
0
21170.26
25155.61
12584.29
69732.39
145
200705.8
541317.1
317620.9
1293096
----------------------------------------------------------------------
ttimetot I
inctot I
nra I
vacr I
svi
965 29.23424
965 30891.42
965 172160.5
965 14.20591
965 .6259067
----------------------------------------------------------------------
dvi
years2008
floor
leasen
classa
.2466321
40.51088
9.316062
.3471503
.3036269
.4312742
29.82412
10.88475
.4763109
.4600619
----------------------------------------------------------------------
classb
classc
rent
_2000r
_2001r
.4932642
.2010363
17.87597
.8238342
.1564767
.5002139
.4009829
4.205286
.3811587
.3634951
Mi n
965
965
965
965
965
Max
6000
7
1.2
0
965
965
965
965
965
2.407186
8290.644
232892.2
21.39321
.4841388
22.46258
17107.98
5330
0
0
34.91775
61527.24
1601744
100
1
965
965
965
965
965
136
66
1
1
965
965
965
965
965
Appendix C Regression Results of the Initial Variables
Source I
----------------------------------------
Model I
Residual I
1978.84719
15068.9467
22 89.9475994
942 15.9967587
------------- +--------------------------
Total 1 17047.7938 964 17.6844334
rent I Coef. std. Err. t P>ltI
Number of obs = 965
F( 22, 942) = 5.62
Prob > F = 0.0000
R-squared = 0.1161
Adj R-squared = 0.0954
Root MSE = 3.9996
[95% Conf. Interval]
--------- -+----------------------------------------------------------------
nralm
bl dgyrlm
floorlm
a
b
c
ownertot
unitstot
edutot
poptot
ttimetot
inctot
nra
vacr
svi
dvi
years2008
floor
leasen
classb
classc
_2000r
-cons
-1.28e-08
-.0072945
.04861
.0377703
.0163748
-.0211247
.0000143
.0000216
-6.80e-06
-9.54e-06
-.0459255
9.82e-06
-5.68e-07
-.002664
-1.376989
.8122114
.0061788
-.0060331
-1.405264
-1.228678
-1.003661
-.9389755
21.12215
3.40e-08
.0210415
.0696334
.0392171
.0365955
.0183262
.0000162
.000032
.0000145
.000012
.0947089
.0000299
9.94e-07
.0062753
.5663256
.6762142
.0081277
.0251043
.3854895
.4067487
.4189272
.3415751
2.837984
-0.38
-0.35
0.70
0.96
0.45
-1.15
0.88
0.68
-0.47
-0.79
-0.48
0.33
-0.57
-0.42
-2.43
1.20
0.76
-0.24
-3.65
-3.02
-2.40
-2.75
7.44
0.706
0.729
0.485
0.336
0.655
0.249
0.379
0.499
0.639
0.427
0.628
0.743
0.568
0.671
0.015
0.230
0.447
0.810
0.000
0.003
0.017
0.006
0.000
-7.96e-08
-.0485882
-.0880445
-.0391926
-.0554433
-.0570896
-.0000176
-.0000411
-.0000353
-.0000331
-.2317905
-.0000488
-2.52e-06
-.0149793
-2.488395
-.5148491
-.0097717
-.0553
-2.161781
-2.026916
-1.825799
-1.609312
15.55264
5.40e-08
.0339992
.1852646
.1147332
.0881928
.0148403
.0000461
.0000844
.0000217
.000014
.1399394
.0000685
1.38e-06
.0096512
-.2655834
2.139272
.0221292
.0432338
-.6487462
-.4304394
-.1815224
-.2686393
26.69165
Appendix D Correlation Matrix of the Initial Variables
I nralm bldgyrlm floorlm a b c ownertot
------------ +-----------------------------------------------------------------
nralm
bldgyrlm
floorlm
a
b
c
ownertot
unitstot
edutot
poptot
ttimetot
inctot
nra
vacr
svi
dvi
years2008
floor
leasen
classa
classb
classc
rent
_2000r
_2001r
1.0000
0.8540 1.0000
0.9348 0.8815 1.0000
0.9795 0.8160 0.9263 1.0000
0.9912 0.8529 0.9288 0.9757 1.0000
0.9831 0.8732 0.9258 0.9574 0.9845 1.0000
0.4591 0.6395 0.5178 0.4441 0.4644 0.4762 1.0000
0.8229 0.9209 0.8732 0.7942 0.8176 0.8383 0.8097
0.8223 0.9094 0.8699 0.7987 0.8262 0.8473 0.7461
0.7816 0.8974 0.8316 0.7528 0.7732 0.7937 0.8529
0.6537 0.6612 0.6712 0.6231 0.6355 0.6564 0.3810
-0.4500 -0.4958 -0.4866 -0.4159 -0.4433 -0.4430 -0.6093
0.5205 0.4166 0.5012 0.5317 0.5108 0.5058 0.2347
-0.1124 -0.1400 -0.1078 -0.1330 -0.1168 -0.1147 -0.0828
-0.7986 -0.8156 -0.8178 -0.7589 -0.7882 -0.8098 -0.4591
0.8527 0.7870 0.8441 0.8266 0.8520 0.8615 0.4154
0.6307 0.7086 0.6573 0.6136 0.6222 0.6218 0.4695
0.6606 0.5889 0.6713 0.6494 0.6600 0.6636 0.3234
-0.0193 -0.1301 -0.0129 0.0014 -0.0225 -0.0241 -0.1730
-0.1180 -0.0481 -0.1633 -0.1458 -0.1111 -0.1146 0.1029
0.2068 0.0922 0.2225 0.2446 0.2044 0.1980 -0.0351
-0.1304 -0.0670 -0.0980 -0.1452 -0.1361 -0.1244 -0.0779
0.1577 0.1814 0.1670 0.1543 0.1610 0.1556 0.1461
0.0252 0.0223 0.0299 0.0204 0.0185 0.0149 0.0241
0.0009 0.0010 -0.0023 0.0041 0.0068 0.0116 0.0078
Correlation Matrix of the Initial Variables (Continued)
I unitstot edutot poptot ttimetot inctot nra vacr
-----------------------------------------------------------------------------
unitstot
edutot
poptot
ttimetot
inctot
nra
vacr
svi
dvi
years2008
floor
leasen
classa
classb
classc
rent
_2000r
_2001r
1.0000
0.9756 1.0000
0.9943 0.9569 1.0000
0.6992 0.7057 0.6826 1.0000
-0.5897 -0.4617 -0.6067 -0.1988 1.0000
0.4031 0.3909 0.3844 0.2914 -0.2436 1.0000
-0.1116 -0.1262 -0.1082 -0.0737 0.0092 -0.0870 1.0000
-0.7970 -0.7903 -0.7627 -0.6365 0.4575 -0.3697 0.0629
0.7519 0.7614 0.7089 0.5945 -0.4006 0.5294 -0.1224
0.6732 0.6606 0.6581 0.4877 -0.3690 0.0006 -0.1452
0.5645 0.5642 0.5325 0.4299 -0.3261 0.7892 -0.0880
-0.1019 -0.0838 -0.1146 0.0185 0.1878 0.2929 0.1158
-0.0687 -0.0932 -0.0459 -0.1962 -0.0652 -0.1002 -0.0345
0.1150 0.1497 0.0878 0.1710 0.0712 0.2447 0.0528
-0.0712 -0.0873 -0.0627 0.0070 -0.0113 -0.1878 -0.0228
0.1732 0.1662 0.1694 0.0836 -0.1393 -0.0099 -0.0580
0.0217 0.0183 0.0225 -0.0137 -0.0165 0.0183 -0.0172
0.0111 0.0095 0.0107 0.0253 -0.0219 0.0023 0.0222
Correlation Matrix of the Initial Variables (Continued)
I svi dvi yea-2008 floor leasen classa classb
------------ +-----------------------------------------------------------------
svi 1.0000
dvi -0.7401 1.0000
years2008 -0.6090 0.5127 1.0000
floor -0.5329 0.7033 0.1408 1.0000
leasen 0.0509 0.0120 -0.3374 0.1947 1.0000
classa 0.2357 -0.1007 0.0113 -0.1277 -0.4815 1.0000
classb -0.1882 0.2722 -0.0156 0.2588 0.5606 -0.6515 1.0000
classc -0.0290 -0.2210 -0.0052 -0.1743 -0.1431 -0.3312 -0.4949
rent -0.1705 0.1475 0.2189 0.0434 -0.2550 0.1521 -0.1393
_2000r -0.0258 0.0500 0.0202 0.0262 -0.0056 0.0687 -0.0008
_2001r 0.0029 -0.0281 -0.0034 -0.0031 -0.0025 -0.0549 -0.0028
I classc rent _2000r _2001r
------------- + --------------------------
classc I 1.0000
rent I -0.0083 1.0000
_2000r -0.0735 -0.0667 1.0000
_2001r I 0.0615 0.0867 -0.9314 1.0000
